Introduction
Dhirkot is a tourist summer resort in the State of Azad Jammu and Kashmir, subHimalayas, northeast Pakistan. Dhirkot is a tehsil (subdivision) of District Bagh, Azad Jammu and Kashmir, and is located at a distance of 132 km from Islamabad, the capital of Pakistan, via Kohala. The area represents the mountainous terrain and high relief topography. The altitude varies from 1 676-2 000 m. The summer and winter temperatures are 25-35 °C and -5-5 °C, respectively. The mean annual rainfall is 2 400-2 850 mm. The humidity of the area is 100%. The climate varies from tropical to temperate. It is pleasant during summer and extremely cold in winter.
Radon gas emanates by the decay of naturally occurring uranium found in almost all rocks and soils. Radon moves from its source in rocks and soil through voids and fractures, and its concentration values vary with the specific site and geological material. The inhalation of radon in dwellings is one of the most important sources of radon exposure to inhabitants. The exposure to radiation from radon and the lung cancer risks to inhabitants are dependent on the radon level in the houses. This study deals with the measurement of radon levels in the dwellings of Dhirkot and its surrounding areas by using the solid state nuclear track detector technique (Fleischer et al., 1975; Tufail and Ahmad, 1992; Vaupotic et al., 1994; Akram et al., 2005; Majvorn, 1986) .
The local pucka, semi-kucha and kucha houses terminology was used during this investigation (Iqbal et al., 2007a (Iqbal et al., , 2007b . The dwellings constructed of concrete beam and pillar structures, concrete blocks, mudstone, bricks and sandstone with external and internal cement plaster, with roofs of concrete or aerated GIS sheets, are known as pucka houses. The semi-kucha houses are made of sandstone, mudstone and concrete blocks with external and internal cement plaster, with mud and timber roofs. The houses constructed of mud, mudstone and sandstone with external and internal mud plaster, with wooden and mud roofs, are referred to as kucha houses. The kucha and semi-kucha houses are poorly ventilated; in contrast, the pucka houses are well ventilated. The sandstones of the Murree and Kamlial Formations have been used in the construction of pucka, semi-kucha and kucha houses. The clays of the Murree and Kamlial Formations are used in construction of kucha houses. However, construction materials used in pucka and semi-kucha houses are the limestone and sandstone aggregates. The limestone aggregate is from the Margalla Hills of Pakistan. The sandstone aggregate is from the Murree Formation and Kamlial Formation. The clays of the upper Soan Formation have been used in the red bricks of the pucka and semi-kucha houses. The sand used in concrete is from the Mahal River, Jhelum River and Indus River.
Cosmic and terrestrial radiation is the natural source for external radiation exposures. The primordial ( 40 K, 232 Th and 238 U) and cosmogenic ( 3 H, 7 Be and 14 C) radionuclides produce natural radiation. The natural background radiation due to the presence of these primordial radionuclides contributes exposure to human beings (UNSCEAR, 2000) . In the present study we determined the distribution of dose rates from terrestrial gamma radiation. The radon concentrations in dwellings and gamma dose rates are correlated with the rock lithologies of the Dhirkot area.
Geology
The sedimentary rocks have been deformed due to the Tertiary Himalayan collision in the Dhirkot area of the State of Azad Jammu and Kashmir, subHimalaya, Pakistan ( Fig. 1 ; Akhtar et al., 2004) . The area is folded, faulted, jointed and fractured. The major structures are the Chamiati syncline and Dhirkot fault. The areas along the Dhirkot Fault were fractured due to strong ground shaking during the October 8th, 2005 Kashmir earthquake (Baig, 2006) . These structures provide passages for the migration of radon gas to the surface.
The rock units exposed in the Chamiati syncline are the Murree and Kamlial Formations. The Murree Formation consists of fine to medium grained gray sandstone, red, khaki and gray clays and local conglomerate layers. The Kamlial Formation includes the blue-gray, khaki and gray medium to coarse grained sandstones with alternating red, reddish, reddish-brown, khaki and khaki-brown clays and local conglomerate layers. These rocks are the molasse of the Himalayan orogeny (Wadia, 1928 (Wadia, , 1931 Baig and Lawrence, 1987; Baig, 1991) .
Material and method
The radon data were collected during summer (July-September) for 65 days from the houses located on the sedimentary rocks of the Murree and Kamlial Formations (Fig. 1) . The radon concentration measurements were made in various houses of the Dhirkot area using CN 85-type plastic track detectors. The measurements were based on passive detection of radon (Fleischer et al., 1975) . The box-type dosimeters made up of a plastic frame, as shown in Figure 2 , were used. The dosimeters were suspended inside the rooms at a height of 2.5 m from the floor. The dosimeters were exposed to radon for 65 days and after retrieval were etched chemically with 6.25 N NaOH and scanned in the laboratory using an optical microscope at 400 x magnification for the determination of track density. The recorded track density was converted into Bq.m -3 by using a calibration factor 
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for CN-85 detectors in box-type dosimeters as 0.0092 tracks cm -2 h -1 equal to 1 Bq.m -3 of 222 Rn (Tufail and Ahmad, 1992; Akram et al., 2005; Iqbal et al., 2007a Iqbal et al., , 2007b .
The ambient outdoor gamma survey measurements were taken in air one meter above ground at different locations (Tab. I) using a portable radiometric instrument, Ludlum 19, which utilizes an internally mounted Na I (T I ) scintillator for measuring gamma radiation. The exposure rate measured in µRh -1 was converted into absorbed dose rate nGy/h using the conversion factor of 1 µRh -1 = 8.7 nGy/h. (Sannapa et al., 2003; Kam and Ahmet, 2007) . The readings are represented in terms of nGy/h.
Results and discussion
The radon concentration was measured in houses of the Dhirkot area, State of Azad Jammu and Kashmir, Pakistan. The radon data and locations are presented in Table II and Figure 1 , respectively. The radon concentration in the Dhirkot area was 36 ± 14 Bq.m -3 to 195 ± 27 Bq.m -3 , with an average concentration of 121 ± 26 Bq.m -3 . The maximum and minimum radon concentrations in Kucha houses were 168 ± 29 Bq.m -3 and 62 ± 18 Bq.m -3 , respectively. The semi-kucha houses had maximum radon concentration of 195 ± 27 Bq.m -3 and minimum radon concentration of 103 ± 24 Bq.m -3 . In contrast, the pucka houses had maximum and minimum radon concentrations of 168 ± 29 Bq.m -3 and 36 ± 14 Bq.m -3 , respectively. The average radon concentration in pucka, semi-kucha and kucha houses were 124 ± 25 Bq.m -3 , 143 ± 25 Bq.m -3 and 136 ± 26 Bq.m -3 , respectively. The semi-kucha houses had relatively higher average radon concentration (143 ± 25 Bq.m -3 ) than kucha houses (136 ± 26 Bq.m -3 ) and pucka houses (124 ± 25 Bq.m -3 ). The average radon concentration decreases from semi-kucha to pucka houses (143 ± 25 Bq.m -3 to 124 ± 25 Bq.m -3 ). The elevated indoor radon concentrations in houses made of mud as compared with pucka cement houses has also been reported in earlier studies (Choubey et al., 1997; , 150-(<200) Bq.m -3 and 50-100 Bq.m -3 was recorded at 55%, 33% and 11% in kucha houses, respectively. However, the maximum radon level 150-(<200) Bq.m -3 is 17%, 23% and 33% in pucka, semi-kucha and kucha houses, respectively. The variation in radon frequency distribution is attributed to the construction material used, ventilation and geological structures. The radon values that are on the higher side were found in the Kotli, Dhirkot and Pail locations and these higher values may be attributed to the nearness of these places to the Dhirkot fault (Fig. 1) . Radon enters houses from joints and cracks, thus increasing the indoor radon levels. The maximum value (195 ± 27 Bq.m -3 ) was measured in Lawari that is at a height of 6 156 feet.
This maximum value may be due to comparatively reduced ventilation because of lower temperature at high altitude and also small cracks observed in the floor of this house. This site is in the Kamlial formation and the lithology consists of dominate blue-gray to khaki-gray sandstones with subordinate khaki-brown clays. The gamma dose rate value (104.4 ± 2.3 nGy/h) at this location was also found to be on the higher side.
Number of Dwellings
The average radon concentration (in pucka, semi-kucha and kucha houses, Tab. II) from 124 ± 25 Bq.m -3 to 143 ± 25 Bq.m -3 in the Dhirkot area was higher than the average radon concentration for Mirpur, Gujaranwala, Muktsar and Ferozepur districts, the cities of Lucknow and Kanpur, Kumaun, Taiwan and Mexico city (Iqbal et al., 2008; Khan et al., 1997; Singh et al., 2005a; Khan, 2000; Ramola et al., 2005; Choubey et al., 2003; Iimoto et al., 2001; Franco-Marina et al., 2003) (Khan and Chowdhury, 2008; Choubey et al., 1997; Singh et al., 2005b; Deka et al., 2003) . The 36 ± 14-195 ± 27 Bq.m -3 radon range in Dhirkot is lower than the radon concentration range of the abovementioned countries. The overall causes for the higher average radon concentration in dwellings of the Dhirkot area are; (1) old houses, (2) cracks, (3) fissures and fractures in the basement of houses, (4) nearness to the Dhirkot Fault, (5) poor ventilation, (6) humidity and temperature, (7) aggregates, and (8) the presence of open fractures along the fold axes and faults. The fractures provide passages for the migration of radon gas to the surface. The radon concentration in the Dhirkot area was 36 ± 14 Bq.m -3 to 195 ± 27 Bq.m -3 , with an average concentration of 121 ± 26 Bq.m -3 . This study shows that the average summer radon concentration (121 ± 26 Bq.m -3 ) for the inhabitants of the Dhirkot area was within the accepted safe health limit (radon <200 Bq.m -3 , ICRP, 1993; UNSCEAR, 1993) .
In the present study measurements were carried out during summer (July through September) when indoor radon concentrations are expected to be lower. However, in the winter season there is severe cold in Dhirkot and inhabitants like reduced ventilation to save heat. The lesser ventilation in winter months leads to buildup of radon inside the houses. Therefore, indoor radon concentration measurements around November through February are essential to calculate the annual effective dose in Dhirkot since the influence of the winter concentration on the dose could be larger.
The basement rocks of the Murree Formation and Kamlial Formation that occur around the dwellings have outdoor gamma dose rates of 73.9 ± 1.4 to 113.1 ± 2.4 nGy/h and 69.6 ± 2.2 to 108.8 ± 1.4 nGy/h, respectively. The average gamma dose rates for the dominant clay and subordinate sandstone sequences of the Murree and Kamlial Formations were 91.4 ± 16.4 nGy/h and 91.1 ± 14.4 nGy/h, respectively. However, the dominant sandstone and subordinate clay sequence of the Kamlial Formation shows an average gamma dose rate of 95.7 nGy/h. The Murree and Kamlial Formations have the average gamma dose rate of 91.3 ± 14.3 nGy/h. The gamma dose rates showed weak positive correlation with the height of the area (Tab. I). The gamma dose rate was 113.1 ± 2.4 nGy/h in Lawari (5539 feet) and 69.6 ± 2.2 nGy/h in Chamiati (4493 feet) (Tab. I; Fig. 1 ). However, in Lahore, Pakistan, at lower altitude (800 feet), the average gamma dose rate has been reported as 65 nGy/h (Akhtar et al., 2005) . The outdoor gamma dose rates in Turkey (Erees et al., 2006) and Japan (Chikasawa et al., 2001) have been reported to range from 78.3 nGy/h to 135.7 nGy/h and 13.8 nGy/h to 187 nGy/h, respectively. The 69.6 ± 2.2 nGy/h to 113.1 ± 2.4 nGy/h gamma dose rate in the area is within the gamma dose rates of the above-mentioned countries. The gamma dose rates in the area depend on the lithology (sandstones and clays), altitude and radionuclide contributions.
The average outdoor gamma dose rate of 91.3 ± 14.3 nGy/h in the Dhirkot area is within the world average range of 18-93 nGy/h (UNSCEAR, 2000).
